Background/Objective. Headaches present commonly in general practice, and doctors face uncertainties and pressures in dealing with them. This study identifies key characteristics of headaches investigated through head imaging, in the hope of strengthening existing guidelines. Method. A 7-year retrospective analysis of head imaging scans ordered for investigating headaches among patients aged ≥18 in an Australian general practice setting. Results. A total of 109 of the 517 (21.1%) patients required head imaging, although 14 (2.7%) of these had repeat scans. Three-quarters were females, and most of the headaches were recurrent (56.9%), severe (62.4%) or had associated red flags (78.0%). Computed tomography (CT) and magnetic resonance imaging (MRI) were the only scans adopted (4:1 and 1:1 for first and repeat scans, respectively). Twelve (11.0%) scans had findings likely to explain the headaches after the initial scans, with no difference in findings between diagnoses from CTs and MRIs (P = 0.41). Repeat scans offered no additional benefits, and roughly one in three patients were referred to third-party carers (mostly neurologists). Females had more recurrent headaches (OR = 2.63; CI = 1.09-6.35; P = 0.03). Patients with psycho-morbidities were less likely to have scan findings that explained their headaches (OR = 0.22; CI = 0.06-0.88; P = 0.03), and, though not quite significant, were also more likely to undergo imaging (OR = 1.47; CI 0.96-2.27; P = 0.08). Conclusion. Significant intracranial findings were uncommon following imaging for headaches, and MRIs offer no advantages over CTs. Repeating head scans within 5 years offers no clear benefits. Psycho-morbidities should be considered when deciding the imaging needs, given the lesser chance of findings. Larger studies will help validate these findings.
Introduction
Headaches are common reasons for consulting GPs (1-3) and can account for up to 1.5% of all general practice consultations (1) . They are listed among the top 10 disabling illnesses by the WHO (2) and make up the most common new neurological complaints to both GPs and neurologists (3) (4) (5) . The social, economic and personal costs of headaches are believed to be considerable (6, 7) .
In Australia, findings from the 2005 Bettering the Evaluation and Care of Health (BEACH) study, covering data from 1998 to 2004, showed that headaches were seen at an annual rate of 1.9% per annum, with about 1.9 million yearly cases across the country (8) .
They are usually not the only symptom for patients presenting with it, and present as sole symptoms only in 30% of cases (8) .
Despite the foregoing statistics, dangerous causes of headaches are very rare (1, 3, 7) , and most cases in general practice are treated by physical examination, drug prescriptions (1) and reassurances (4) only. However, where deemed relevant (like with the presence of 'red flags'), GPs do refer patients for investigations (blood tests and imaging of head/brain) or specialist opinions (4) . Such referrals are still issued in some cases where there are no 'red flags', or in cases where the headaches are not medically explained, perhaps due to high anxiety from the patients, or uncertainties and fear of medico-legal issues by the GPs (7, (9) (10) (11) (12) . Red flags include sudden, severe headaches or those different to previous episodes, exacerbated by coughing, sneezing, straining, eye movements and postural changes, as well as those associated with blurred vision, stiff neck, rash, altered consciousness, confusion and focal neurological signs (5) .
Given the common nature of headache presentations, the uncertainty on the part of the GPs in diagnosis and management, the pressure from anxious patients and the potential medico-legal implications of missing important findings, GPs need to have some robust, evidence-based and up-to-date guidelines that will assist them in deciding when to investigate, who to investigate and when to refer to third-party practitioners (specialists and other allied health staff). In fact, a number of studies have claimed that managing headaches efficiently in general practice can be improved through diagnostic and treatment approaches (7, 13, 14) .
Evidence-based improvements in the management of headaches in primary care can help enhance both direct (avoiding unnecessary imaging tests) and indirect (by saving time and work-related implications) costs to patients and healthcare funders. Also, the management of headaches in general practice is one area where effective communication with patients can improve outcomes (15) . Therefore, a good support network to GPs will help boost their confidence, and provide more pragmatic frameworks for delivering such communications, and this study aims to achieve this. In addition, our work will add to the existing database of studies on headaches in primary care, an area that has been surprisingly understudied, and provide recommendations for both policy changes and future research into the management of headaches in general practice.
Unfortunately, researches into headaches in general practice have been poor (1) , and a number of publications in the United Kingdom have argued that existing guidelines may be fraught with uncertainties (16, 17) . These existing guidelines, both in Australia and globally, can be strengthened with further research.
To achieve the forgoing objectives, this study explored the imagings done to investigate headaches and identified the characteristics of those headaches in terms of their severity, recurrence and red flags. The types of scans utilized, the proportion of scans that showed significant findings and the ensuing follow-up and referral patterns (to either specialists or allied health experts) after the scans were also analysed. The potential impact of psychological co-morbidities on the imaging requests ordered as part of the investigation of headaches was also explored.
Methods

Setting
This is a 7-year retrospective study that explored the patterns of all brain and head (hereinafter used interchangeably) imaging scans ordered as part of investigations for patients presenting with headaches in an Australian general practice setting between the 1 January 2010 and 1 April 2017. The study focused on a group of three geographically distinct, but administratively and functionally inter-connected, group of general practice surgeries named 'Kennedy Drive Medical Centre (KDMC)', 'PKG Medical Centre' and the 'Bilambil Heights Medical Centre (BHMC)'. All three are located in the 'Tweed Shire Area' of Northern New South Wales (NSW), Australia, also called the 'Tweed Area' or simply 'The Tweed' (18) .
'The Tweed' covers about 1303 km 2 , and sits at the border of the states of NSW and Queensland, about 102 km to the South of Brisbane and 830 km North of Sydney (19) . Alone, the Tweed's population is approximately 90 000 (18) . However, the three surgeries are among a few others serving an estimated patient population of about 150 000 (20, 21) , giving that patients that live in the Tweed, as well as the southern suburbs of the City of Gold Coast, all patronize them.
The records and files of all patients, as well as the management system of all the three surgeries are inter-linked, and, combined, they have a registered patient population of about 31 000, served by a total of about 11 doctors at each particular time (seven doctors in KDMC, three in PKG and two in BHMC).
Demographics
Even though the median age of the population in the Tweed Area was about 54 years according to the 2011 census, the larger 'Gold CoastTweed Area', which our study area focused on, has a median age of 38 years, a number similar to the Australian average of 37 years (19) . The older median age in the Tweed is because the area is a hub of retirees, hosting about 14 separate retirement villages in the area (19) . About 87% of the adult population in the Gold Coast-Tweed Area is employed (either full or part-time), with a male to female ratio of 51:49, and the child to family ratio of 2:1 (19) . More than 80% of the residents are Caucasians, whereas 87% has English as their dominant first language (19) .
Inclusion and exclusion criteria
The inclusion criteria included all adults aged ≥18 years of age at the time of their presentation, who saw a doctor within the defined period in any of the three identified practices, with headache as a major complaint, and requiring head imaging as part of their management. Headaches of all kinds were included, provided it was the main reason for the consultation. Patients who presented with headaches in this period, but had no imaging done, were excluded from the study. Also excluded were those who had head scans for other reasons like sinusitis, dizziness and suspected strokes, but did not present primarily with headaches. To be included, the requests for the head scans must have been ordered on the same day of the consultation for the headaches.
Patient selection
The 'search tool' in the Medical Director® software was used to identify all the patients seen in the defined period who met the study criteria. The search filter was broadened to include all forms of headaches and migraines with all their identified variations, including cervicogenic, sinus, chronic, cluster, tension, migraine (common, classical, cluster, migrainous aura) and posthead injury.
All patients identified were then manually reviewed to ensure that they met all the inclusion-exclusion criteria. All potential forms of imaging were allowed, including computed tomography (CT), magnetic resonance imaging (MRI), magnetic resonance angiography, ultrasound and X-rays. Basic patient demographics, duration of headache, findings in the imaging results and immediate treatment offered were also obtained. Pre-defined terms were stated ahead of the selection, so as to avoid bias, and these were applied strictly. They are contained in Box 1.
Data collection
Data collection was done between May and June of 2017. For each patient that met the study criteria, data were collected on gender, date of birth, type(s) of scan done, date(s) of the scans, severity of the headaches, recurrence of the headaches, finding(s) from the scan(s), identified red flags that necessitated the scans, psychological co-morbidities of the patients and follow-up/referrals following the scans. In cases where a patient had more than one scan in the 7-year period, relevant data similar to that previously described were also collected (up to a maximum of two consultations), provided that the reason for the subsequent scans was for the investigation of a headache complaint.
Data analysis
Analysis was with the IBM SPSS Version 24. To identify significant associations, binary logistics regression (BLR) was used. The probability (P value) was set at <0.05. One part of the regression analysis focused solely on the patients who had head imaging, and for this, three outcome (dependent) variables were tested ('gender', 'age' and 'psychological co-morbidities') against two predictor (independent) variables ('recurrence of headaches' and 'findings on imaging likely to explain headaches or not').
Results
We found that 109 of the 517 (21.1%) adult patients who presented with headaches over the 7-year period required imaging as part of the investigations for their headaches.
Scan 1
The reports for the first set of scans are summarized in Table 1 . The age range (in years) at the time the scans were done, ranged from 18 to 88, with an average of 41.2 years (SD 15.47). The majority were females (81% or 74.3%). Only CT and MRI scans were done, with CTs used in 91 of the 109 patients (83.5%). Table 2 shows that 17 (15.6%) of the 31 (28.4%) patients scanned had intracranial findings, but as shown in Table 3 , only 12 (11.0% of all patients) had findings that were likely to have explained their headaches. Of the 12 intracranial findings, 9 came from CTs and 3 from MRIs, with no significant differences in using either (OR = 0.55; CI = 0.13-2.27; P = 0.41).
A total of 28 (25.7%) patients needed referrals to third-party carers other than their GPs following their initial scans, with nearly two-thirds of these being to neurologists, whereas 48 patients (44%) had known psychological co-morbidities (Table 1) .
Scan 2
This is summarized in Table 4 , and show that only 14 of the 109 (12.8%) patients who had the initial scans required a repeat scan within the 7-year period surveyed. The longest time between the initial and the repeat scans was 5 years.
CTs and MRIs were, again, the only scans done, and were used in equal proportions of seven each. There were no findings in seven of the cases, whereas intracranial lesions were found in four, out of which three were likely to explain the headaches (one from CT and two from MRIs).
Associations
The results of the BLR analysis are shown in Table 5 . The only significant findings were that females were more likely to report recurrent headaches (OR = 2.63; CI = 1.09-6.35; P = 0.03), whereas patients with identified psychological co-morbidities were less likely to have scan findings that explained their headaches (OR = 0.22; CI = 0.06-0.88; P = 0.03). It was also found that patients with psycho-morbidities were more likely to be investigated with head imaging compared with those without such co-morbidities (OR = 1.47; CI = 0.96-2.27; P = 0.08). However, this latter finding slightly missed statistical significance.
Discussion
The finding of a predominance of females (74.3% in first scans; 85.7% in second scans) among the patients who required imaging for headaches is grossly consistent with the report of the Australian Bettering the Evaluation and Care of Health (BEACH) Study (8) , which found that 63.4% of all headache presentations were among females. Also, the observation that the age group of 25-44 required head scans the most (42.2% in first scans; 42.9% in second scans), whereas the age group ≥65 the least (8.3% and 7.1%, respectively), also corresponds to the BEACH report, which concluded that these age groups present with the most and the least headaches in Australia, respectively (8) . The consistency of our findings on gender and age with the reports of the BEACH study implies that our data follow established patterns and are therefore arguably representative of the wider Australian population.
Box 1: Definition of terms
Dates of the scans: Given that this is a retrospective study, the ages of the patients at the time of our data collection and analysis (May-June 2017) were expectedly different to the ages at the times they had the imaging scans. For this reason, the dates of their respective scans were collected and used to work out the patients' ages at the times they did the scans. These latter ages were used in most of our analysis unless otherwise stated. For the sake of the analysis, the age categorization was into the four groups of '18-24', '25-44', '45-64' and '≥65', following the same pattern established by the popular Australian Bettering the Evaluation and Care of Health study (8) . Severity of the headaches were recorded as documented in the patients' notes. Where no such documentation is found, we recorded it as 'unknown'. For the purpose of our work, headaches are classified as 'recurrent'if it is documented as such, or if there were two or more documented primary presentations of headaches in the period surveyed. Findings from the scan: The findings were grouped into 'none', 'intracranial' and 'extracranial' findings. Given that some of the intracranial findings were likely to be incidental, they were further divided into those likely to explain the headaches, and those unlikely to do so.
Identified red flags that informed the scans:
A number of danger signs that would alert the GPs to the need to carry out imaging scans have been identified and listed earlier. Most GPs document these as the basis to justify doing scans for patients presenting with headaches. Where possible from the records, data on these were collected. Psychological co-morbidities of the patients: Extra care was taken to identify all cases of psychological co-morbidities existing in the patients that were seen for headaches. These include depression, anxiety, post-traumatic stress disorder, bipolar diseases and stress. To be included as a co-morbidity for a patient, there must be evidence of either a pharmacological (medications) or psychological (correspondences with psychologists and psychiatrists, including treatments offered through Mental Health Care Plans or otherwise) treatment for the disorder. This criterion was included to avoid spurious or transient forms of psychological disorders like in cases used as excuses for work absence certificates, minor grief situations, and transient work stress. Follow-up/referrals following the scans: All follow ups directly related to the imaging scans were noted. The kinds of thirdparty referrals to either specialist doctors or allied health staff patients were recorded, and where possible, those who initiated the referrals were identified (patients themselves or their GPs). Pre-defined terms were stated ahead of the selection, so as to avoid bias, and these were applied strictly and are defined.
An important point to note is that only 11% of the patients undergoing the first scans had findings that were likely to have explained their headaches. This finding is consistent with reports in the published literature, which had variously reported that dangerous findings following imaging for head scans are low (1,7) .
It is not surprising that no other scanning techniques apart from CTs and MRIs were used for the imaging investigations, with the former being used in more over 80% of cases. This is similar to the report of the BEACH study, which found CT scans as the highest imaging technique adopted for headache investigations (8) . This finding is also consistent with the recommendations of available guidelines in Australia, which advocates CTs primarily (and MRIs secondarily) as imaging tools for non-acute headaches warranting imaging investigations (22) . Cost and availability may also be factors in the higher use of CTs, given that they are more widely available and cheaper compared with MRIs (23).
We also found that the rate of MRIs increased if repeat scans for headaches were needed (50% each for CT and MRI, respectively). Again, this is in line with the available guidelines (22) , which seem to be based Follow-up/referral Of the 28 patients referred to specialists and other allied health experts, 2 (both females, and one each to neurologist and neurosurgeon) requested for the referrals themselves, whereas the other referrals were initiated by the GPs on the claim that MRIs are more sensitive than CTs in investigating intracranial pathologies (23) , meaning that clinicians are more likely to adopt it if the initial query was unsatisfactorily resolved with the original scans. However, it is interesting to note that we found no statistical differences between the use of MRIs and CTs with respect to finding significant intracranial pathologies that might explain headaches (P = 0.41). This finding appears to be supported by the conclusions of a paper that reviewed all the relevant studies from 1966 to 1998, which looked at the sensitivity, specificity and predictive values of different neuroimaging techniques in investigating non-acute headaches (24) . The paper found that, although MRIs may be superior to CTs in identifying white matter lesions and developmental anomalies (which were largely clinically insignificant in diagnosing causes of non-acute headaches), they offered no advantages in identifying clinically significant pathologies relevant to these headaches.
Another interesting finding was that repeat scans, be it with CT or MRI, revealed no new pathologies different from the first ones. The biggest time lapse between initial and the repeat scans was 5 years, leading us to infer that repeating head imaging for recurrent headaches within a 5-year period offer no additional benefits. This conclusion may be taken with caution though, given the small samples involved, but larger studies will be required to disprove it. Should this observation be replicated in larger studies, the implications for policy and practice are huge, given that it may then be more clinically beneficial to refer patients with recurrent headaches to third-party practitioners, rather than to go on to repeat scans if they re-present within a period of 5 years from an earlier scan.
A key component of the discussion from the preceding paragraph is the fact that the use of MRIs on repeat scans after initial CT scans identified no new pathologies. This appears to re-confirm our conclusion in the earlier paragraph that MRIs have no advantage over CTs in investigating headaches in general practice, a finding backed by at least one previous publication (24) as already stated. Given the cost benefits of CTs over MRIs, these observations, if replicated in larger studies, will have significant cost-saving benefits (23) .
Yet another significant result from this work was that patients with identified psycho-morbidities were 78% less likely to have findings that will explain their headaches following head scans, relative to those without these co-morbidities (P = 0.03; Table 5 ). It is not clear if this is a result of the fact that practitioners tend to order more scans for patients with mental health issues, possibly out of higher level of 'pressures' known to be associated with these patients (4, 11, 25) . On the other hand, it raises the question of whether patients with these psycho-morbidities are less likely to have structural brain pathologies than those without it.
Whatever is the case, this finding is even made more significant given the observation that, among all the 517 patients seen Table 3 . Specific intracranial findings on head scans that are likely to explain headaches among patients presenting in an Australian general practice setting for headaches in the 7-year period, those with psycho-morbidities were about 1.5 times more likely to get head imaging tests done when compared with those without such co-morbidities. Even though this latter observation narrowly missed statistical significance (P−0.08), combined to the earlier one, it appears to make a case that psycho-morbidities need to be considered in all cases of headaches before head imaging is ordered, given that, among these group of patients, scans are unlikely to reveal useful findings, yet doctors order them more. Whether these findings are peculiar to the population studied, or reflects a wider national, or global phenomenon is hard to ascertain within the limitations of this study. Larger studies to explore these is recommended, given the huge practice implications this portends.
Limitations
One limitation of our study is that our work was based on the documentations of doctors over a 7-year period. Omissions are possible, particularly with respect to the characteristics of the headaches (severity, recurrence and red flags) and the documentation of psychological problems. However, given that many years were involved, spanning across multiple visits from patients across more than one GP in most cases, we believe that most data required to make reliable observations were captured for most of the patients analysed. Our approach of relying on proven pharmacological and psychological treatments for patients with mental health issues also helped limit potential errors from poor documentation on mental health issues, as this ensured that only patients with real psychological problems were identified as such. Another potential limitation is on the possibility of human error in data collection, particularly with respect to the radiological reports and clinical notes entered for the patients. We tried to limit these by having all entries checked twice. The fact that the demographics of our patients, and the baseline proportions reported were not much different from the reports of the BEACH study also reassures that our data were reasonably accurate.
Finally, as already acknowledged in the main paper, involving a larger number of surgeries, through a national and/or international study, may be necessary to help validate or disprove the generalizability of the findings of this work. All 14 patients scanned the second time had recurrent headaches, out of which 12 (85.7%) were females, whereas 2 (14.3%) were males. All referrals for followups were to neurologists and initiated by the GPs themselves. No referral was initiated by the patients themselves, and no referrals were made to neurosurgeons or other allied health therapists. 
Conclusions
We conclude that just over one patient out of five (21.1%) presenting with headaches in general required neuroimaging as part of their investigations, with the majority being in the age range of 25-44 years (42.2%). Females were nearly three times more likely to report recurrent headaches (P = 0.03). Only CT and MRI imaging scans were used, with the former preferred at a ratio of about 4:1. However, there was no difference in using either of them with respect to significant intracranial findings (P = 0.41). Just about 15% of the scans revealed intracranial findings, with only 11% likely to explain the headaches.
About one of every four patients who had scans were referred to other non-GP providers, with neurologists accounting for over 60% of these referrals. Also, 44% of the patients requiring head scans had associated psychological co-morbidities, and these subgroups were 78% less likely to have lesions that will explain their headaches (P = 0.03). Also, even though statistical significance was narrowly missed, headache presentations among patients with psycho-morbidities were more likely to be investigated with neuroimaging when compared with those without such co-morbidities (P = 0.08).
Finally, nearly 13% of the patients required repeat scans, and these were all within a 5-year period. However, these additional scans provided no additional findings to the initial scans, be it CT or MRI.
Recommendations
Firstly, we recommend that patients presenting with recurrent headaches after initial head scans may not benefit from a repeat scan within a 5-year period and that clinicians should consider referring to thirdparty providers if there are concerns or uncertainty with the diagnosis.
Secondly, given that there are no statistically significant differences in the findings whether CTs or MRIs were used, we recommend that the cheaper and more widely available technique, which is CT, be adopted where head imaging for headaches is needed in general practice.
Thirdly, we advise that need GPs pay more attention to the psycho-morbidities of patients presenting with headaches. A full evaluation may be important before ordering imaging and involving psychiatrists and psychologists may be worthwhile options.
Finally, we advocate that larger studies of national and international dimensions are worth undertaking so as to fully explore all the above-mentioned findings, given the huge implications for policy and practice, as well as the potential cost-saving benefits involved.
